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FIELD OF THE INVENTION 
[0001] The present invention refers to a system, and related procedure, for the simultaneous 
determination of both the index of refraction and the thickness of transparent materials, including 
liquids. 

BACKGROUND OF THE INVENTION 
[0002] The most significant aspect of the invention is that a single measurement system is employed, 
based on a shear interferometric type of interferometric technique, with the further possibility of 
varying the wavelength of the laser source used. The evaluation of the index of refraction and of the 
thickness of the investigated material occurs in two steps: in the first step the variation of the "optical 
path" due to the variation of the wavelength of the laser source used is determined (by "optical path" 
is intended the product between the index of refraction and the thickness of the material analyzed); 



in the second step instead, the index of refraction of the material is determined, using the value of 
the previously identified optical path and on the basis of known phase reconstruction techniques, 
such as, for example, the method based on the Fourier transform. From the so calculated index of 
refraction and from the value of the optical path the value of the thickness of the investigated 
material is obtained. 

[0003] The invention falls in particular, but not exclusively, in the technical field of optical 
characterization of materials and in the field of application of optical instrumentation manufacture. 
In a large number of applications, in both the scientific and industrial fields, it may be necessary to 
measure with an adequate accuracy, and also simultaneously, both the index of refraction and the 
thickness of optically transparent materials. The methods developed for the simultaneous 
measurement of the index of refraction and of the thickness are manifold. 
[0004] However, as shown in the concerned literature, the methods currently used to measure the 
index of refraction and the thickness of materials require either complex measurement operations 
or the preliminary knowledge of the index of refraction or the thickness, or the use of costly 
instrumentation or of highly skilled personnel. These are all aspects that make performance of the 
measurement operations slow and costly. 

BRIEF SUMMARY OF THE INVENTION 
[0005] The invention which is the object of this patent application, represents a significant 
improvement with respect to other systems of measurement of the index of refraction and of 
thickness. In fact, scope of the inventors is to develop a system able to determine simultaneously 
both the index of refraction and the thickness of transparent materials by means of "a single 
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measurement operation", providing a high measurement precision. The submitted invention is thus 
a measurement system where a "shear interferometric" type of interferometry is employed, with the 
additional advantage of varying the wavelength of the luminous radiation. The system, at present 
preferred by the inventors for performing the measurement, is described hereinafter in its essential 
elements: 

- provide a holder that serves to house the material whose index of refraction and 
thickness are to be measured; 

- said holder is placed on a precision rotating stage and then duly inserted in the 
measurement system so that a coherent and monochromatic light beam, is transmitted through the 
sample to be measured; 

- the coherent light going thlrough the sample is subject to various reflections and 
refractions at the sample interfaces, thereby producing an interference signal; 

- from observation of the phase variation of the interference signal, obtained by tuning 
of the wavelength of the coherent light, the optical path is obtained; 

- from said optical path, and observing the interference signal, obtained for each fixed 
wavelength of the coherent light source, the index of refraction of the material is obtained; 

- from said index of refraction value and from the optical path value the thickness of 
the sample to be measured is obtained. 

[0006] The emitted wavelength of the coherent and monochromatic light source must be easily tuned 
and controlled. 

[0007] With the submitted invention only one measurement operation will be required, since for 
each fixed angular position, i.e. for each fixed value of the optical path, the variation of the 
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interferometric signal will depend only on the variation of the wavelength of the coherent source; 
whereas for each fixed wavelength, by varying the angular position of the sample, parts of the 
coherent light within the sample are differently and laterally sheared, generating an interferometric 
signal which is a function of the angle of incidence. Said lateral shear depends exclusively on the 
presence of the material to be characterized, for each angle of incidence. 

[0008] According to the authors the best way to realize this invention is to use a system where the 
sample is in rotation with respect to a coherent and monochromatic light beam, which emitted 
wavelength can be tuned. Said system has particular simplicity of use, versatility and compactness 
characteristics. The system can have configurations different from those described in the present 
invention and can be developed with a different number and type of optical components without 
prejudicing or changing the system forming the object of the present invention. 
[0009] The invention is now being described on the basis of a version at present preferred by the 
inventors and with reference to the attached drawings: 

BRIEF DESCRIPTION OF THE VIEW OF THE DRAWING 
[0010] Fig. 1 - Schematic representation of the system for the simultaneous measurement of the 
index of refraction and the thickness of transparent materials. 

[0011] Fig. 2 - Schematic representation of the sample of material to be used with the relevant 
variations of direction of the incident radiation. 

[0012] Fig. 3 - Diagram showing graphically the interferometric signal obtained upon varying of the 
angle of incidence and for each wavelength of the coherent tuneable light source. 
[0013] Fig. 4 - Diagram showing graphically the phase variation of the incident radiation according 
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to the wavelength of the coherent light source relative to the measurement of the optical path of the 
silicon (case a) and of the Lithium Niobate (case b). In both cases the incidence is orthogonal to the 
sample. 

[0014] Fig. 5 - Diagram showing a typical interferometric signal for a fixed wavelength and upon 
varying of the angle of rotation of the sample. 

DETAILED DESCRIPTION OF THE INVENTION 
[0015] With reference to Fig. 1 , the optical components for developing the measurement system, the 
position of the cell, rotating base 7 and the system of analysis of interferometric signals 10, 1 1 , 12 
are shown. To be more precise, below are listed all the parts comprising the system: 

1 laser diode 

2 laser diode supply 

3 optical fiber 

4 collimator 

5 sample to be measured 

6 sample holder 

7 precision rotating stage 

8 angle of incidence 

9 photodiode 

10 oscilloscope 

1 1 personal computer 
12BusIEEE-488 
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[0016] Observing Fig. 1, it can be seen that the system composed of a laser diode DFB 1, the laser 
beam, in output an optical fiber 3, is collimated through collimator 4. Along the direction of 
propagation of laser beam 13 is placed the sample to be measured 5. Laser radiation 13, after 
traversing sample 5, impinges upon photodiode 9. Through oscilloscope 10 it is possible to acquire 
the interferometric signal on a personal computer 1 1 for subsequent analyses. The sample is placed 
on a precision rotating stage 7. By means of personal computer 1 1, bus IEEE-488 12 and supply 2 
it is possible to control the wavelength of the laser radiation emitted by source 1. Once the 
wavelength of laser source 1 is fixed, if the sample to be measured 5 is caused to rotate by means 
of rotating base 7, there is a variation of optical path between the rays that propagate inside sample 
5. In the case where the index of refraction n of the traversed material is constant, the optical path 
is expressed as the product of geometric path d by index of refraction n. The optical path variation 
depends on angle of incidence 8 and this produces interferometric signal 14. Through personal 
computer 11, bus IEEE-488 12 and supply 2, it is possible to vary the wavelength of laser source 1 
and then, for each fixed angle of incidence 8, to vary the phase of interferometric signal 14. 
[0017] With reference to Fig. 2, which shows a view from above of the sample to be measured, it 
is noted that in the case where the sample is of constant thickness and uniform index of refraction, 
then the difference of optical path, between the various rays 15, 20, 16, 17 which propagate inside 
the sample, is due only to the reflections and refractions undergone by said rays on surfaces 1 8 and 
19 of the sample. The optical path difference depends on angle of incidence 8 and on said difference 
will depend the acquired interferometric signal. In particular ray 13 is subject to a refraction at air- 
sample surface 18, propagates within the sample (ray 15) and part of it is subject to a refraction at 
sample-air interface 1 9 (ray 21) and part is reflected by sample-air interface surface 1 9 (ray 20) . This 
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part, after being subjected to a further reflection on interface 18 and a refraction at surface 19, will 
exit from the sample. Obviously part of ray 16 will be reflected by surface 19 generating ray 17, 
which will undergo the same experience as ray 20. If the sample is constituted by homogeneous 
material, with uniform thickness and parallel walls, it is easy to demonstrate that the interferometric 
signal can be determined by the following equation: 



where X is the wavelength of the laser used; I 0 is linked to the intensity of the interfering beams , and 
Y depends on the coherence of the luminous source. 

[0018] With reference to Fig. 3, the typical interferometric signal is shown, for a silicon sample, 
obtained upon varying of the angle of incidence 0, for each wavelength A. From the symmetry of the 
figure the position of normal incidence (0 = 0°) can easily be determined. In such position, observing 
the phase variation of the interferometric signal upon varying of the wavelength, it is possible to 
determine the optical path within the sample to be measured. 

[0019] In Fig. 4 is shown, as example, the variation of the interferometric signal obtained by normal 
incidence (0=0°) upon varying of the wavelength of the coherent light source. Said signal can be 
described by the following equation: 



(i) 




(2) 




[0020] From the analysis of said signal and by interpolating the experimental data it is possible to 



obtain the optical path n • d. Case (a) refers to a silicon sample, while case (b) refers to a lithium 
niobate sample. 

[0021] In Fig. 5 is shown instead, the interferometric signal according to the angle of incidence and 
for a fixed wavelength. The signal is thus described by equation 1 , with X fixed. Using the previously 
determined optical path value, it is possible to obtain the index of refraction of the analyzed sample 
by means of well known phase retrieval techniques. From the simultaneous knowledge of the optical 
path and of the index of refraction it is consequently possible to determine the value of the sample 
thickness. 

[0022] In conclusion, the invented system offers the possibility of determining from the same family 
of acquired interferometric signals both the index of refraction and the thickness by means of two 
distinct phases, so as to improve the accuracy with which the two entities are determined. 
[0023] Should it be desired to measure the index of refraction and the thickness of transparent 
materials with the methods known prior to the present invention, it is necessary to use either two 
separate measurement systems or complex measurement operations or systems with instrumentation 
which is complex, costly and usable only by highly skilled personnel. Furthermore, with the 
submitted system it is also possible to determine the index of refraction of liquid substances; in fact, 
it suffices to build a small cell of homogeneous material with uniform thickness and parallel walls. 
Said cell will contain the liquid material to be characterized and will be placed above rotating stage7 
shown in Fig. 1 . 
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